INTRODUCTION
The effects of childhood family income on mental health have been well studied, showing associations between economic deprivation in childhood and subsequent mental health morbidity, in childhood, adolescence and adulthood. [1] [2] [3] [4] [5] [6] [7] [8] Studies examining the effect of childhood family income on psychiatric disorder typically conceptualise family income as static, measured as an average across multiple years. Hence, less is known about the association between variation in childhood family income and later psychiatric disorders.
Variation in childhood family income occurs across the income distribution, but is more common and consequential in low-income families. 9 Until now, only a few studies have examined variation in childhood family income and its association with health and social outcomes. [10] [11] [12] These studies have found unfavourable relationships between childhood family income instability and children's educational attainment, 10 11 development 12 and behavioural problems. 12 These studies have mostly focused on income fluctuation in general, but have also suggested that income fluctuations may be particularly harmful among lowincome families. They offer several potential hypotheses through which family income and income variations may affect children's mental health. For example, the family stress model proposes that childhood economic hardship affects children's mental health primarily through its negative effect on parents' increased stress levels, marital conflict and lower parenting quality. 1 Another pathway, the family investment model, posits that families with greater economic resources are able to make significant investments in their children, whereas disadvantaged families must invest in more immediate family needs. 1 Furthermore, it has been shown that low-income families tend to have more chaotic and less structured households compared with wealthier families, and theories from developmental psychology and sociology suggest that household chaos and family instability are two aspects of environmental instability that could have consequences for the child's mental health. 9 There are reasons to believe that income variations are a source of stress for children and parents, particularly in low-income families. 10 12 13 For instance, large swings in income may contribute to more household chaos and family instability, and the effects of income instability may also interact with children's developmental processes. 12 In our analysis, we characterise childhood family socioeconomic environment by the shape of family income trajectories. We expect that the level and shape of family income trajectories will affect psychiatric well-being. For example, an upward income trajectory indicates an improving economic status, a flat trajectory indicates that economic resources are about the same during all years of the early life course, and a downward trajectory indicates a deteriorating economic status over childhood. We expect children who grew up in families with a flat low-income trajectory to experience persistent disadvantage in their childhood years, and this disadvantage may translate into an increased risk of psychiatric disorder in adolescence. 1 14 Moreover, children who grow up with a downward income trajectory will face a deteriorating economic status, which may lead to an intensification of stress and hardship during childhood. This leads us to expect a unique effect of downward income trajectories on later psychiatric outcomes, above and beyond the effects of average income levels. We capitalised on Sweden's extensive and high-quality registers, by using a large sample of nearly 535 000 individuals born between 1987 and 1991. Our aims were to: 1. Identify and describe trajectories of childhood family income over a 12-year period; 2. Describe associations of these trajectories with later psychiatric disorders; 3. Examine whether these associations differ depending on type of psychiatric disorder.
METHODS

Study population
The study population was defined as all individuals born in Sweden between 1987 and 1991 (n=571 797), obtained from the Medical Birth Register. This register contains data on all deliveries in Sweden since 1973. 15 We excluded children who were adopted (n=274), who emigrated before age 18 years (n=19 398) and who died before their 18th birthday (n=4 857) because a high proportion of data were missing on important variables. Those with missing or incomplete income information (n=7 576) and those whose parents were in the top 1% income group (n=5 398) were also excluded, to avoid the possible influence of a few extremely high-income outliers. Our final analytical sample comprised 534 294 individuals. The unique Swedish personal identity number was used to link this cohort to multiple healthcare and administrative registers as described below.
The 
Childhood family income
Family income for each year from age 3 years until age 14 years was obtained by calculating the sum of all the family members' incomes, minus taxes plus transfers. Weights were used to adjust for household composition and size. 16 Income was adjusted for inflation to values in 1999 according to Statistics Sweden's consumer price index, and also log transformed to adjust for positive skewness. 17 
Psychiatric outcomes
The study population was prospectively followed because they were diagnosed with a psychiatric disorder after age 15 years 
Covariates
All analyses were adjusted for sex and birth year. Owing to known associations between immigrant status (including second generation) and mental health in the Swedish population, 18 we adjusted for whether the mother was born in Sweden or not. Since income has been positively associated with parental psychiatric disorder 13 and parental psychiatric disorder is a risk factor for children's psychopathology, 19 we controlled for parental psychiatric disorder, defined as at least one parent treated in inpatient or outpatient care with a psychiatric diagnosis (ICD-9: 290-319; ICD-10: F00-F99) during the time income was captured. We also controlled for factors that may affect both family income and psychiatric disorder, such as the mother's age at the child's birth, and parental educational attainment. Highest parental education was defined as the attained educational level when the child was 15 years old, and classified as: (1) 9 years of compulsory school or less, (2) 10-12 years of education and (3) ≥13 years of education. Since single-parent household is associated with both the childhood family income and psychiatric disorder, [20] [21] [22] we also controlled for whether or not the child was living in a single-parent household during all the years income was captured. Finally, childhood psychopathology before age 15 years was defined as having had a psychiatric inpatient or outpatient contact before age 15.
Statistical analyses
Group-based trajectory modelling was used to identify income trajectories when the child was between 3 and 14 years of age. We used the Stata command traj, which is based on a mixture model. This model provides the capacity to identify subgroups of individuals who followed distinct trajectories during the time of observation and estimates a regression model for each discrete group, instead of just an overall average. 23 24 Group member probabilities are estimated by a multinomial logit function. We started by identifying the model with the optimal number of subgroups by estimating models with one to six subgroups using the normal distribution (CNORM). 25 The model for the 12-year period that best fitted the data was determined by the Bayesian information criterion (BIC). The lowest BIC value (closest to zero) indicates the model that best fits the data. The final number of trajectories was established when sequential comparisons of the BIC between models yielded no further substantial reductions in the BIC score.
Second, we estimated associations between each trajectory group and later psychiatric disorder. We followed the study participants from age 15 to first psychiatric contact, or to the end of observation on 31 December 2011. We performed multivariate analyses using Cox hazards models, and calculated HRs with 95% CIs. Five regression models were examined: model I adjusted for sex and birth year. Model II was further adjusted for foreign-born mother, mother's age at child's birth, parental education and single-parent household. In model III, we added adjustments for parental psychiatric disorder, whereas model IV included income level (log-transformed average income). Finally, all variables were included in model V. We also estimated associations between childhood family income trajectory group and specific psychiatric diagnoses in young adulthood, using the five models described above Sensitivity analysis: In order to examine the effect of childhood family income on adult onset psychiatric disorder, we stratified the cohort into two groups by history of childhood psychopathology and repeated the analyses.
Statistical analyses were conducted using SAS V.9.4 and Stata V.13.
Ethics statement
The study population was based on linkage of several public national registers. Ethical review is always required when using register data in Sweden. The ethical review is performed by regional ethical review boards and the risk appraisal associated with the Law on Public Disclosure and Secrecy is conducted by data owners. The ethical review boards can waive the usual requirement to obtain informed consent directly from the data participants (or in case of minors/children the next of kin, carers or guardians) and will often do so if the research is supported by the ethical review board and the data have already been collected in some other context.
RESULTS
On the basis of the BIC results, five trajectory groups were included in the analysis (figure 1). The traj command provides individual fit estimates, that is, the probabilities that each individual belongs to their assigned trajectory group. The average probability for members of a trajectory group should be ≥0.7 to 0.8. 26 All identified groups had averages above 0.90, indicating a very good fit. The five trajectory groups displayed heterogeneity in childhood family income variations (figure 2 and online supplementary figure S1). For all but one trajectory group, the family income increased slightly over the studied period. We labelled the five trajectory groups as 'highest income trajectory' (13%), 'second highest income trajectory' (41%), 'second lowest income trajectory' (21%), 'downward income trajectory' (13%) and 'lowest income trajectory' (12%). Table 1 presents descriptive statistics and rates of psychiatric disorder for the study population by trajectory group. The cohort was evenly distributed between women and men (49% vs 51%). The highest income trajectory was characterised by individuals whose parents were born in Sweden and had higher levels of education. These individuals generally grew up with both parents, and had mothers who were slightly older than the other trajectory groups. In the lowest income trajectory, onefifth of the individuals had a foreign-born parent. Parental psychiatric disorder was more common in this group (20% compared with 10% in the total population) and children were more likely to grow up in a single-parent household.
In total, 66 946 individuals (13%) were diagnosed with a psychiatric disorder during follow-up (table 1) . The most common disorders were anxiety spectrum disorders, mood disorders and substance misuse. With the exception of eating disorders, those in the highest income trajectory group had the lowest proportions of all studied psychiatric outcomes, whereas those in the lowest income trajectory had the highest proportions.
Compared with individuals in the highest income trajectory group, all other groups had an increased risk for psychiatric disorder (table 2) . For example, children with slightly lower levels of family income (but an upward trajectory) had higher risks for psychiatric disorder. The risk increased further in a graded manner for each trajectory group, with the highest HRs observed in the lowest income trajectory (HR 2.1, 95% CI 2.0 to 2.1). In the second model, the HRs decreased slightly. When adjustments were made for income level (model IV), all HRs decreased markedly. In the fully adjusted model (model V), all but one trajectory group (second highest) remained significantly associated with psychiatric disorder.
Lower income trajectories predicted each type of psychiatric disorders, with the exception of eating disorder (table 2) . Compared with the highest income trajectory, children in the lowest income trajectory group had the highest HRs, followed by those in the downward income trajectory. Although the second lowest income trajectory and decreasing trajectory groups have a very similar average income, the downward income trajectory has a greater HR for psychiatric outcomes than the second lowest income trajectory group. This result demonstrates that measuring income trajectories has an advantage over the traditionally used average income measure. Highest risk estimates were observed for ADHD. In contrast, eating disorder was more common in the highest income trajectory HR of 1.4 (95% CI 1.3 to 1.6), when compared with the lowest income trajectory.
Our sensitivity analyses revealed that study participants without childhood psychopathology in the low-income and downward income trajectory groups experienced increased risk of psychiatric disorder. In contrast, history of childhood psychopathology yielded similar risks for early adulthood psychiatric disorder regardless of trajectory group (sensitivity analyses, online supplementary table S1).
DISCUSSION Key findings
In this study, we used a large cohort of 534 294 individuals to identify trajectories of childhood family income over a 12-year period, and to examine associations of these trajectories with early adulthood psychiatric disorders. We identified two income trajectory groups that were strongly associated with psychiatric disorder: one low-income (but upward) trajectory and one downward income trajectory. Children assigned to these trajectories had increased risks for several different types of psychiatric disorder. The association remained, even after adjusting for important variables including parental psychiatric disorder and even if we limited the sample to individuals without childhood psychopathology. In contrast, the relationship was reverse for eating disorders-children in higher income groups had the greatest risks.
The finding that children in the lowest income trajectory had a markedly increased risk for early adulthood psychiatric disorder confirms previous associations found between childhood economic disadvantage and psychiatric disorder, 4 5 12 13 27 especially among children living in poverty. 28 29 Families in this group had annual mean incomes below the European Union's (EU) definition of relative poverty as an income below 60% of the median. 30 Thus, these are particularly poor families, at least within the EU context.
Our study extends earlier findings by demonstrating an association between declining childhood family income and later psychiatric disorder. Children who grew up in a household characterised by a downward income trajectory had the second highest risk for later psychiatric disorder. One prior study examining effects of changes in household income on child mental health showed that income decline was detrimental to later psychiatric disorder. 27 However, this study specifically examined child depression and antisocial behaviour and did not investigate whether the effects persisted into late adolescence and early adulthood. A recent review of socioeconomic inequalities in child and adolescent mental health revealed a similar pattern, where decline in childhood socioeconomic status (SES) was associated with increased mental health problems. 4 Furthermore, our large cohort enabled us to examine differential effects of childhood income trajectory by type of psychiatric disorders. Low and declining childhood family income appeared to increase the risk of ADHD, substance misuse and psychosis in particular. The association remained, even after Table 2 Associations between childhood family income trajectory and psychiatric outcomes from age 15 years HR with 95% CIs. Reference group: highest income trajectory. *Adjusted for sex and birth year. †Model I with additional adjustments for foreign-born mother, mother's age at child's birth, parental education and single-parent household. ‡Model I with additional adjustments for parental psychiatric disorder. §Model I with additional adjustments for overall average income. ¶Models I-IV. ADHD, attention deficit/hyperactivity disorder.
adjusting for parental psychiatric disorder, one of the major confounders of parental SES and children's mental health problems. 4 The association was reversed for eating disorders, where the risks were increased in children in the highest income trajectories. This finding is in line with prior studies demonstrating higher rates of eating disorders in children from higher socioeconomic backgrounds. 31 32 When adjusting for parental psychiatric morbidity, the HRs were only slightly reduced. On the other hand, the HRs decreased markedly when adjusting for income level, suggesting that the overall level of income is more important than the shape of the trajectory for the higher income trajectory groups. However, our findings suggest that even after controlling for the overall income level, there is still a substantial effect of the shape of the trajectories, and this effect is no less than the estimated effects of other relevant family-level variables such as foreign-born parent and parental education. Hence, our study highlights the importance of considering the dynamic nature of childhood family income, above and beyond the average income, in the association between childhood family income and early adulthood mental health.
Several mechanisms explaining these associations have been suggested. 1 9 12 14 28 Family financial hardship is intertwined in a complex manner with several co-factors, such as parenting quality, family structure and parent psychological factors, all of which may affect children's mental health. 28 Furthermore, economic deprivation in early life has been shown to have longterm effects on children's stress responsivity that may partly explain our findings. 5 12 13 33 Some studies suggest that the association between low childhood family income, or income instability, and psychiatric disorder is mediated by parental investment and family processes. 1 12 13 On the basis of our results, parental psychiatric morbidity seems to play a minor role in the relationship between childhood family income trajectory and psychiatric disorder. In contrast, average income played a more important role. These findings indicate support for the family investment model rather than the family stress model.
Our findings have important implications for mental health interventions targeting children growing up in economic deprivation. Strategies are needed, both to reduce socioeconomic inequalities and to improve the mental health of disadvantaged children. For example, comprehensive early childhood programmes for children at risk have been shown to have extended benefits over time. 34 School plays an important role, because economic deprivation has a strong impact on children's educational achievement, 10 35 36 and programmes aiming to improve cognitive and academic outcomes have been shown to be beneficial for children's mental health. 34 Thus, future efforts to prevent or mitigate the negative effects of childhood economic deprivation on psychiatric disorder may benefit from integration of strategies that improve school performance among vulnerable youth.
This study has several methodological strengths, including the longitudinal population-based design, the use of national registers with a high rate of completeness and no loss to follow-up. The large cohort size also allows for detailed analyses on specific types of psychiatric disorder. Other quantitative studies with similar design and research questions, but with other data sources, often struggle with insufficient power and missing data.
This study also has some methodological weaknesses. With respect to treatment-seeking, we do not know whether the associations between childhood family income and psychiatric disorder vary between those who seek treatment and those who do not. It has been shown that socioeconomic factors play a part in treatment-seeking, 37 even in Sweden which has universal access to healthcare. This is also true for psychiatric disorder and treatment: disadvantaged socioeconomic background is a risk factor for most psychiatric disorders and predicts higher mental health service use, 37 probably due to the higher psychiatric morbidity in this population. If the associations between childhood family income and psychiatric disorder vary among those who seek treatment and those who do not, our results may be biased. However, this bias would affect any other study relying on psychiatric diagnosis and treatment as an outcome. With respect to follow-up, the youngest individuals were followed until age 20 years and the oldest until age 24 years. Although many psychiatric disorders are known to have their onset in adolescence, certain disorders including psychosis typically have later onsets. 38 Thus, the younger birth cohorts may include individuals who have not yet received a diagnosis, although they in fact suffer from a psychiatric disorder. This potential outcome misclassification would lead to underestimation of the true risk. Finally, we did not fully take into account the effect of timevarying control variables, including single-parent household and parental psychiatric disorder.
CONCLUSION
The results presented in this study show that children growing up in households with low (but increasing) or declining family incomes have an increased risk for early adulthood psychiatric disorder. Comparison studies of income inequalities in health have shown that they are particularly low in the Scandinavian countries including Sweden.
39 40 Sweden has a very low per cent of child poverty according to the Unicef comparisons. 30 However, not all children in Sweden fare equally well. Children in financially vulnerable families have increased risk for later negative health and social outcomes, 41 42 which has also been demonstrated in this study. Finally, these findings emphasise the importance of policy measures to enable children to grow up in a stable and safe financial environment.
What is already known on this subject
Former studies have demonstrated an association between childhood family income levels and mental health. Despite earlier findings, childhood family income variation is an understudied aspect of households' economic context that may have distinct consequences for children.
What this study adds
Our study expands this literature in an important way by providing longitudinal evidence that children growing up in a household characterised by low or declining family income have an increased risk for psychiatric disorder in late adolescence and early adulthood.
Contributors EB, SC and ARP originated the idea. EB and SC analysed the data. EB wrote the manuscript draft. All authors contributed to the interpretation of the results and to the writing of the final article. 
